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GOLF CLUBS WITH CONTOURED BACK SURFACES 



The present invention relates to golf clubs with 
contoured back surfaces, and more particularly to a golf 
club having a face which has a contoured surface opposite 
its ball-hitting surface (i.e. a contoured backside) . 

G ^"i lir ' :?- 9 ° lf - Club ^Pr^s * -shaft portion,- -a, -head— 
portion, and a grip portion. That part of the golf club head 
portion which comprises a hitting surface is called a golf club 
face. See, e.g., R . Maltby. "Golf Club Design, Fitting, 
Alteration & Repair" (4th Ed. 1995). Generally, a golf club face 
abuts or is adjacent to both a top wall or crown of the club head 
and a bottom wall or sole of the club head. Typically, "crown" 
and "sole" are used to designate the top portion and bottom 
portion of a wood-type club head, and "top wall" and "bottom 
wall" are used to designate the top portion and bottom portion of 
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an iron-type club head as well as a wood-type club head, and will 
be so used throughout the present specification. 

In both wood-type club heads (which today are typically 
hollow, but are not necessarily so (e.g.. may be foam filled)) 
and cavity back iron-type club heads the golf club faces are 
preferably thin. Such golf club faces generally define two 
surfaces: a hitting surface (i.e. front side) and a surface 
which is opposite the hitting surface (i.e. a backside). 

When the front side of a face of a golf club head strikes a 
golf ball, large impact forces (e.g. up to 2000 lbs (907 kg) are 
.produced. These. large impact f orces^ load the club face. In the 
"relatively thin faces of wood-type club heads IncTcavity back '~ 
iron-type club heads these forces tend to produce large internal 
loads, such as. for example, large bending stresses. These 
internal loads may cause catastrophic material cracking which 
causes the club head to be unusable. The phrase "internal load- 
is used throughout the present specification to refer to. for 
example, the bending moments, shear forces, and axial forces 
experienced by a golf club face as the result of an applied force 
(e.g. at least one ball impact) . 

Recent computational and experimental studies on wood-type 
club heads and cavity back iron-type club heads have shown chat 
catastrophic material cracking due to large internal loads (i.e. 
due to an applied force) most often occurs in at least one of the 
following three face locations: (1) in the club face hitting 
surface (front side) at the ball strike center which is an area 



of large compressive bending stresses, particularly in the area 
of any score-lines; (2) in the club face back surface (back side) 
at the ball strike center which is an area of large tensile 
bending stresses.- and (3, (a) at the portion of the intersection 
of the face and the top wall which lies directly above the ball 
strike center which is an area of a large vertical component of 
the bending stresses, and/or (b) the intersection of the face and 
the bottom wall which lies directly below the ball strike center 
which also is an area of a large vertical component of the 
bending stresses. The area between the face/ top wall 
intersection region Jl-^*™^j™ and wall meet), above 
the ball strike center and the face/bottom wall intersection 
region (i.e. where the face and bottom wall meet) below the ball 
strike center may be called a ball strike zone. 

It has also been found that the vertical stress distribution 
through the ball strike zone on the back side of the face 
comprises large compressive (i.e. negative) applied stresses in 
the face/bottom wall intersection region which increase to zero 
toward the ball strike center region, reach a maximum tension 
(i.e. positive) value behind the ball strike center region, and 
decrease through zero to large compressive (i.e. negative) 
applied stresses toward the face/top wall intersection region. 
The vertical stress distribution through the ball strike zone on 
the front side (or hitting surface) of the face generally has the 
same, but opposite, components (i.e. large tension bending 
applied stresses at face/bottom wall intersection which decrease 
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where it may be preferred (i.e. more weight on Che face means 
less weight, for example, along the perimeter of a cavity back 

iron- type club head) . 

Adding ribs to the back surface of a face to stiffen the 
face has the benefit of stiffening without adding a significant 
amount of weight to the face, but has the detrimental result of 
creating an irregular stiffness distribution on the face hitting 
surface. Examples of ribs which have been used in prior golf 
club head designs include, for example, vertical ribs, horizontal 
ribs, curved ribs, dendritic ribs, angled or skewed (i.e. V or X 
patterned) ribs, circular^b^^or a combination . of : more than one 
of these types.' Such ribs are generally geometrically 
characterized as having a narrow width, any desired length, and a 
sufficient depth or thickness to locally increase the face 
stiffness and yet minimize the increase in face weight. 

In addition, such ribs are typically shaped such that a 
sharp comer (or a curved corner with a small radius) is formed 
between a rib and the face back surface where the rib is 
attached. Such corners lead to cracking potential as they create 
stress focus points. Furthermore, the use of ribs which- are 
positioned to run vertically along the face back surface cause 
the large bending applied stresses (which were described above) 
to travel to the face/bottom wall intersection and face/top wall 
intersection thereby increasing cracking at those positions. 

Additional problems experienced with the use of ribs on a 
face back surface are in the manufacture of such faces. 



Typically faces are formed using a casting process. It is more 
difficult to cast faces which include rib structures due to 
nonuniform material shrinkage which occurs during cool -down of 
such a casting. Such non-uniform cool-downs tend to cause 
inclusions, internal voids, and/or surface cracking in the cast 
materials, particularly along regions where ribs are positioned. 
Such non-uniform cool-downs also tend to cause face depressions 
and surface dimpling in the hitting surface opposite the regions 
where ribs are positioned. 

Thus, there is a need for a new club face structure with 
increase-structural integrity Jand, thereby, reduced cracking 
and material failure) without adversely affecting club 
performance, look, and feel; and with limited affect on desired 
club head weight distribution. 



The present invention comprises a contoured golf club face 
which addresses the problems previously described and a method of 
designing such a golf club face. The present contoured golf club 
face provides increased structural integrity for a golf club face 
of a given size and weight . The present contoured golf club face 
survives tests in which other club faces experience cracking 
and/or material failure. The present contoured golf club face 
does not adversely affect golf club performance, look, feel, or 
weight distribution, but rather improves the same due to its 
ability to provide a golf club face having a required size and 



... strength with a smaller amount of material (and, accordingly, a 
lower weight) . 

The present contoured golf club face preferably comprises a 
golf club face having a hitting surface and a contoured back 
5 surface opposite the hitting surface. Such a contoured back 

surface could also be described as a surface of increasing and 
decreasing thickness having the appearance of steps or, in 
another embodiment, a surface of gradually increasing and 
decreasing thicknesses having the appearance of rounded hills and 
10 valleys . 

In a preferred embodiment, the contoured back surf ace*'-- 
comprises a stepped surface with varying thicknesses such that 
regions of the face which experience an approximately similar 
level of internal load due to a certain applied force (e.g. ball 
impact) have an approximately similar thickness. it is further 
preferred that regions where the internal load is greatest are 
thickest and that regions where the magnitude of the internal 
load is lowest are thinnest (i.e. the thickness of a region 
generally corresponds to the magnitude of internal load expected 
to be or measured as being experienced by that region) . 

In addition, although the preferred embodiment includes 
steps between regions of different thickness and, as is noted 
above, although sharp corners, in general, create stress focus 
points which provide cracking potential, it is preferred that the 
present invention compensate for such cracking potential by 
incorporating additional material at the step edges to reduce the 
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Thus, for a preferred embodiment of an iron-type club head 
for a mid- to high-handicap golfer the contoured back surface 
preferably comprises a stepped surface which follows an internal 
load pattern evenly distributed along a low horizontal axis of 
the club face. For example, the contoured back surface may 
preferably comprise a stepped surface with varying thicknesses 
such that the club face generally thins at the face/top wall 
intersection region approaching the toe and at the face/top wall 
intersection region approaching the heel. m this embodiment, 
the contours are generally defined by a vertical stiffening 
^region and a horizontal stiffening. region providing a modified 
"T- design on the face back surface^.g. wherein the horizontal 
cross-bar of the »T» lies along the face proximate the 
face/bottom wall intersection region of the face and the vertical 
upright of the «T« lies along a central vertical axis of the 
face) . 

The horizontal stiffening region of this embodiment 
preferably is generally located along a horizontal axis located 
along the face proximate the face/bottom wall intersect ion region 
of the back surface and has a certain preferable thickness which 
preferably steps down to reduced thickness (i.e. becomes thinner) 
toward the toe and heel regions of the club head. The vertical 
stiffening region of this embodiment preferably is generally 
located along a vertical central axis of the back surface and has 
a certain preferable thickness which preferably steps down to 
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5 The benefit of a contoured golf club 

• • . that for a given size club face its stress 
invention is that ror ay 
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distribution is more even, its stiffness is more uniform, and its 
structural integrity is increased while its weight is reduced. 
An additional benefit of such a contoured golf club face is that 
a golf club head incorporating such a face will have certain 
acoustical properties depending on the design of the contoured 
surface. 

It is, therefore, a primary object of the present invention 
to provide a new golf club face which provides increased strength 
and integrity with reduced weight and materials for a given size 
club face and a method of designing the same. 

is an additional object, of the present invention to 
provide a golf club face which is contoured to provide a golf 
club face having varying thickness according to expected or 
measured internal load due to an applied force, and a method of 
designing the same. 

It is a further object of the present invention to provide a 
golf club face which is contoured to provide thicker regions at 
areas of expected larger magnitudes of internal load and thinner 
regions at areas of expected lower magnitudes of internal load, 
wherein the thinnest regions are adjacent to progressively 
thicker regions which gradually thicken to the thickest regions. 

. It is still a further object of the present invention to 
provide a golf club face which is contoured to provide thickest 
regions at areas of expected largest magnitude of internal load 
and thinner regions at areas of expected lower magnitude of 
internal load, wherein the thinnest regions are adjacent to 
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progressively thicker regions which step up in thickness to the 

thickest regions. 

It is another object of the present invention to provide a 
structurally stiff club face which is resistant to impact 
deformation and a method of designing the same. 

It is still another object of the present invention to 
provide a low-weight golf club face with overall lower impact 
induced stresses (i.e. due to an applied force such as ball 
impact) and which is more resistant to initial and long-term 
failures and a method of designing the same. 

The present invention will now be described in more 
detail, by-way of example onlyV with reference to *he 
accompanying drawings, in which: 

5 ?P r PP T^c-ttirTT^T OE IBS "PAWTNGS 

PIG. 1A shows an exemplary face of an iron-type golf club 
head with ball impact sites shown in phantom which might be 
expected from a mid- to high-handicap golfer (i.e. a golfer who 
would be expected to hit a number of toe. heel, and center 

20 shots) . 

FIG 1B shows . preferred thickness distribution ss seen on 
the cavity back surface of the exemplary goif club face shown in 
PIG. i* based on computationally calculated internal load lev.is 
experienced by Che golf club face when subjected to multiple ball 
2S impact forces at the sites indicated in PXO. X.. with a portion 
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of che back surface shown in phantom as extending to undercut 
portions of the cavity. 

FIG. ic shows a cross-sectional view of the golf club face 
of FIG. IB taken along a central horizontal axis shown as line 
5 1C-1C in FIG. IB • 

FIG. ID shows a cross-sectional view of a golf club face of 
FIG. IB taken along a central vertical axis shown as line ID-ID 
in FIG. IB; 

FIG. xti shows a cross- sectional view of a golf club face of 
10 FIG. IB taken along a high horizontal axis shown as line IE- IE in 
FIG. IB j 

FIG. 2A shows an exemplary face of andiron -type golf club 
head with ball impact sites shown in phantom which might be 
expected from a low-handicap golfer {i.e. a golfer who would be 
15 expected to hit most shots at the center); 

FIG. 2B shows a preferred thickness distribution as seen on 
the cavity back surface of the exemplary golf club face shown in 
FIG. 2A based on computationally calculated internal load levels 
experienced by the golf club face when subjected to multiple ball 
20 impact forces at the sites indicated in FIG. 2A, with a portion 
of the back surface shown in phantom as extending to undercut 
portions of the cavity ; 

FIG. 2C shows a cross -sectional view of a golf club face of 
FIG. 2B taken along a central horizontal axis shown as line 2C-2C 
25 in FIG. 2BJ 
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FIG. 6B shows a cross - sectional view proximate a horizontal 
central axis of a golf club face of the present invention taken 
along line 6B-6B in FIG. 4A ; and 

FIG. 6C shows a cross -sectional view of a horizontal 
stiffening region of a golf club face of the present invention 
taken along a low horizontal axis shown as line 6C-6C in FIG. 4A. 



As is described above, a preferred embodiment of the present 
invention comprises a contoured back surface of a golf club face 
wherein the back surface comprises a surface having varying 
thicknesses such; that regions of the face which are expected "to""" 
experience an approximately similar level of internal load have 
an approximately similar thickness, such that regions expected to 
experience the highest magnitude of internal load are thickest 
and regions expected to experience the lowest magnitude of 
internal load are thinnest, such that the thickest regions are 
adjacent to progressively thinner regions to form a contoured 
surface, and such that the stress expected to be experienced by 
the contoured face upon ball impact is more evenly distributed 
than if the face were not contoured. The present specification 
shows and describes several embodiments of the present invention 
wherein like elements are referred to with like reference 
numbers . 

The golf club head l of the preferred embodiment shown in 
FIGS, ia and IB has a top wall 4, a bottom wall 6, a toe 8, a 
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As shown in FIGS . IB- IE: region 2f is thickest as it is 
expected to experience greatest internal load due to ball impact 
at sites 3 (shown in FIG. 1A) , regions 2a are thinnest as they 
are expected to experience the lowest magnitude of internal load 
due to the same ball impact, and regions 2b, 2c, 2d, and 2e 
gradually increase in thickness respectively as they are 
respectively expected to experience, from the same ball impact, 
internal loads which gradually increase in intensity between that 
experienced by the two regions 2a to that experienced by region 
2f . Thus, the contoured back surface 14 preferably comprises a 
plurality 9f regions 2a -2f of varying thicknesses such that the. 
club face generally thins at the face/top wall intersection 
region approaching the toe 8 and at the face/top wall 
intersection region approaching the heel 10, and wherein the 
thickness of the regions 2a-2f generally corresponds to the 
internal load expected to be experienced by each region 2a-2f 
upon multiple ball impacts at sites 3 shown in FIG. 1A. The 
thicknesses of the regions 2a-2f result in relatively even 
distribution of stress across the face when the club head 1 
impacts a ball at, near, or similar to the sites 3 used in the 
initial analysis. 

• It should be noted that the embodiments of the present 
invention shown and described here lump together regions which 
are expected to experience approximately similar magnitudes of 
internal load to form each region, but that those skilled in the 
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approaching the toe 8 and at the face/top wall intersection 
region approaching the heel 10. 

As is shown in FIG. 3, the vertical stiffening region 20 
preferably is generally located substantially along a vertical 
central axis of the back surface 14 and, as shown in FIG . ID, has 
a certain preferable thickness T which steps up (i.e. thickens) 
to a certain preferable thickness T' and then to another 
preferable thickness T' 9 . Also shown in FIG- 3, the horizontal 
stiffening region 22 preferably is generally located along a 
portion of the back surface 14 proximate to the face/bottom wall 
intersection region and, similar jto that shown, in. FIG. ic. has a 
certain preferable thickness which preferably steps down to 
thinner thicknesses toward extremities of the horizontal 
stiffening region 22 (i.e. toward the toe and heel regions). 

As is mentioned above and shown in FIGS, IB and ID, the 
horizontal stiffening region 22 and the vertical stiffening 
region 20 preferably define a thickest region 2f at their 
intersection, and thinnest regions 2a, 2b, and 2c (i.e. 
approximately at the face/top wall intersection region at or 
approaching the toe 8 and approximately at the face/top vail 
intersection region at or approaching the heel 10) . As is also 
mentioned above and shown in FIGS. IB-IE, the thickest region 2f 
is preferably adjacent to progressively thinner regions 2e and 2d 
■which gradually step down in thickness to the thinnest regions 
2a, 2b, and 2c thereby providing a contoured surface. While the 
regions 2a-2f are stepped from thickness to thickness and, as is 
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noted above, while step edges, in general, create sere,, focus 
points -hich provide cracxing potential, it is Pierre* chat 
present invention compensate for such cracxing potential by 
incorporating sufficiently thicx material to withstand the 
interna! load expected to be experienced at the step edges re. 
at the borders between each region 2a. 2b. 2c. 2d. 2e. and 2 , 
upon application of an externa! force U... ball impact, so the 
applied load is w.U tolerated at those edges. 

Sxe^lary specific thiexnesses for regions 2a-2f of the 

<„ FIGS 1A and IB for a club face made of steel 
embodiment shown in FIGS. 1» an 

<™s 2a are approximately 0.07" (1.6ms.)! regions 2b 
^ 10M ^ 2« are" app^tely 

are approximately 0.08 I* . 

3-»l region 3d is approximately 0.10- (2.5-). . 

region 2. is' approximately 0.12- ,2.0mm), and region 2f « 

0 14- (3.6mm). Exemplary specific width ana 
approximately • ^ 

height for such a club face are 

4 .0- ( 7.6o,as measured along a horizontal central axrs of the 
cl ub face, and a height of between about l.S and 2.0- <3-0 ..!-> 
measured along a vertical central axis of the club face 
Ho-ever. those of ordinary sKill in the art understand that 
provide club faces with similar structural ^"^ faces 

, hese exemplary values depending on the 
will differ from these exempx y 

aerials .e.g. metals, alloys, etc, used and the pbysUal 
. properties of the same, and the particular sire and shape 
desired club face. 
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_ In another preferred embodiment, FIG. 2A shows a golf club 

face 1 of an exemplary iron-type golf club head with ball impact 
sites 3 shown in phantom which might be expected from a low- 
handicap golfer. (i.e. a golfer who would be expected to hit most 
5 shots at the center) . FIG. 2B shows a thickness distribution 
seen on the back surface 14 of the golf club face l based on 
computationally calculated internal loads (i.e., bending moments, 
shear forces, axial forces) experienced by the golf club face 1 
when subjected to multiple ball impact forces at the sites 3 
10 (FIG. 2A) . As is noted above, similar calculations could be made 
using just one ball impact site or multiple impact sites at 
locations different from those shown. 

As with the embodiment explained above and as is shown in 
FIGS. 2B-2E, region 2f of this second embodiment is thickest as 
it is expected to experience the greatest magnitude of internal 
load due to multiple ball impacts at sites 3, regions 2a and 2b 
are thinnest as they are expected to experience the lowest 
magnitude of internal load, and regions 2c. 2d, and 2e gradually 
increase in thickness respectively as they are respectively 
expected to experience internal loads which gradually increase in 
intensity between that experienced by regions 2a and 2b to that 
experienced by region 2f . 

As with the first embodiment described above and shown in 
FIGS. 1A-1E, the contoured back surface 14 of this second 
embodiment (shown in FIG. 2B-2E) preferably comprises a plurality 
of regions 2a -2f of varying thicknesses wherein the thickness of 
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«ilv corresponds to the magnitude of 

" ball i*pa« at si ^ ^ ^ thins 

" 1S ""re r. PP roac hl n 9 the -1 x. along a central 
" The contoured regions *-« generally -How 
horizontal axis. The _ horil ontal stiffening 

forab lv comprises a cerwx 
«* iiMBt P" £erably Will inC .rse=tion region 

— ^ "Mersection region prori-e tne hotto. -all . . 
ta ce,ootto» -all »*~ the horizontal 

- in the previous , descr^ ^ M region 2 o of this 
stiffening region 23 ^ j£ approxima tely 

e^odis-ent sti££e ning region >. and the 

at the intersection of tn ^ ^ approx i m ,tely 

horizontal stiffening region ' axis and the 

lo oated at the intersectzon of 

n intersection region) . Howeve. 
o £ ace/botto» -all znter ^ ^ ^ ^ fiQ _ MJ are 

e«d,odi«.ent thinnest regzo . ^ ^ appr oaching the 

— ^^Zr^ «as opposed to along the 

~ i 10 ai Ti : n rr=tion ^ « - «. — 

face/top wall inters© 
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In this second embodiment, the vertical stiff ning region 20 
preferably is generally located substantially along a vertical 
central axis of the back surface 14 and, as shown in FIG. 2D, has 
a certain preferable thickness T centrally which steps up (i.e. 
thickens) to a certain preferable thickness T' toward the top 
wall 4 and up to certain preferable thicknesses T' and T" toward 
the bottom wall 6. The horizontal stiffening region 22 
preferably is similar to that described above for the first 
embodiment (i.e. has a certain thickness which steps down to 
thinner thicknesses approaching the toe and heel regions) . 

AS iS _. mentioned above and shown in FIGS. 2B-2E, the 
horizontal -stiffening region 22 and the vertical stiffening 
region 20 preferably define a thickest region 2f at their 
intersection, and thinnest regions 2a, 2b, and 2c (i.e. at or 
approaching the toe 8 along a central horizontal axis and at or 
approaching the heel 10 along the same axis). As is shown in 
FIG. 2B, the thickest regions 2e and 2f are preferably adjacent 
to a progressively thinner region 2d which gradually steps down 
in thickness to the thinnest regions 2a, 2b, and 2c thereby 
providing a contoured surface. 

While the regions 2a-2f are stepped from thickness to 
thickness and, as is noted above, while step edges, in general, 
create stress focus points which provide cracking potential, it 
is preferred that the present invention compensate for such 
cracking potential by incorporating sufficiently thick material 
to withstand the internal load expected at the step edges (i.e. 
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^ o n e and 2f ) so 

« the borders between each region a.. *c id. 
the applied load is well tolerated at chose dges^ 

!.*v specific thicknesses for regions 2»-2f 

r Tnos * and 2 B for a club face made of steel 
e„*odiment shown in FIGS ^ ^ 

are preferably approximately as 

embodiment shown in FIGS. IX and IB. ■ _ 

As uith the previous embodiment described above, th 

messes of the regions ,a-,f ^ U 

natively more even d.sttib.tr n stress^ ^ ^ 
the club head 1 impacts a ball 
: .the sites 3 used . in .fhe^initial «-*^ ■ 

As is also described above and as is shown in ef<*. 

I t of the present invention relates to a golf 
another embodiment of the P inCerna l load relation 

^ v „»ich follows the thickness to internal 
club head 1 which ^ aaditional 

33 set forth above, and whi ^ ^ ^ ^ 

serial to further augment the 

.esthetic purposes. ^ rf 

As ls sh own in FX- * y ^ 

third embodiment is ~* uhich genetally corr espond to 

, ^ -XXrd t be experienced by each region 1- 
the internal load ~P ^ ^ _ 18 for 

* ^ ^ " logo, or medallion, an example of 

accommodating an insignia, log 

which is shown in phantom in FIG SX^ ^ 
^e contoured back surface » of g 

^inralitv of regions iba 
preferably comprises a plurality 
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varying thicknesses such that the club face generally thins at 
the face/top wall intersection region approaching the toe 8 and 
at the face/top wall intersection region approaching the heel 10. 
The contoured regions 16a- I6h generally follow along a vertical 
stiffening region 20 and a horizontal stiffening region 22, as 
both are shown in FIG. 3, which approximately provide a modified 
up-side-down "T" design on the face back surface 14 (e.g. wherein 
the cross-bar of the "T" lies along the face/bottom wall 
intersection region and the upright of the "T" lies along a 
central vertical axis) . 

The horizontal stiffening region 22 preferably is generally 
located along a horizontal axis lying along the face/bottom wall 
intersection region of the back surface 14 and has a certain 
preferable thickness which preferably thins toward the toe 8 and 
15 heel io of the club head 1. The vertical stiffening region 20 

preferably is generally located along a vertical central axis of 
the back surface 14 and has a certain preferable thickness which 
preferably thins toward the face/top wall intersection region 
proximate the top wall 4. Thus, the horizontal stiffening region 
22 and vertical stiffening region 2 0 preferably define a- thickest 
region l6h (see FIGS. 4A-4B) approximately at the intersection of 
the vertical stiffening region 20 and the horizontal stiffening 
region 22 (i.e. an area approximately located at the intersection 
of the vertical central axis and the face/bottom wall 
intersection region) , and thinnest regions 16a, 16b, and 16c (see 
FIGS. 4A-4B) approximately at the face/top wall intersection 
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v. + nt > a and at the face/top. wall 
region ^n, the toe s and ^ 

" 9lOT aPPI ° ; lolssiv^v thinner regions x«. 
16h is preferably adjacent to progressive y 

"e "« and Kg — " " y StBP ^ ^ ChiCkneSS " d 

ons Ka Kb. and 1« thereby providing a contoured 
thinnest regions 16a, 

SUrtaCC ' nFIG 3 the vertical stiffening region 20 

As is shown in FIG- 3- cms 

.ilv located substantially along a vertical 
preferably is ^ » and, as shown in PIC. SB, has 

central axis of the back surfac , hi ckens> 

► .in oreferable thickness T which steps up (i.e. thicken 
. certain preferab v . , Mso shown in FIG. 3. the 

- » -^^'-TRt^ is generally located 
horizontal 14 pro _te to the 

has a certain prefera extr emities of the 

(i.e. thins) to thicknesses c> and t, towar 

horizontal stiffening region 22. ^ 
M is ^ntioned above and shown in FIGS. 4A. 

22 and the vertical stiffening 
horizontal stiffening region 22 

region 20 preferably define a ^ ^ .^a P— y at 
section . - = — — 1 at or app _hing the toe 
7 Lively at the faceup wall intersection 

I Z ard apprllhisg the heel 10, . » is also ^tioned 

• pt GS 4A-6C, the thickest region I6h is 
25 above and shown in FIGS. 4A l6d -16g 

to progressively thinner regions I6d leg 
preferably adjacent to prog 
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which gradually step down in thickness to the thinnest regions 
16a-16b and 16c thereby providing a contoured surface. Whil the 
regions I6a-I6h are stepped from thickn ss to thickness and, as 
is noted above, while step edges/ in general, create stress focus 
points which provide cracking potential, it is preferred that the 
present invention compensate for such cracking potential by 
incorporating sufficiently thick material to withstand the 
internal load expected at the step edges (i.e. at the borders 
between each region 16a, 16b, 16c, 16d, 16e, 16f, 16g, and 16h) 
so the applied load is well tolerated at those edges. 

Exemplary specif ic^hicknesses for regions 16a_-16h jDf .ttej^^^ 
embodiment shown in FIGS ."^4 A and 4B for a club face made of steel 
are: (l) region 16a is about 0.07" (1.8mm); (2) regions 16b and 
16c are about 0-09- (2.3mm); (3) region 16d is about 0.11^ (2.8mm); 
(4) region I6e is about 0.12* (3.0mm); (5) regions 16f and 16g are 
about 0.13" (3.3mm); and (6) region 16h is about 0.14" (3.6mm). 

Thus, the embodiment shown meets the minimum approximate 
thicknesses of the preferred embodiment shown in FIGS. 1A and IB, 
but augments those thickness for aesthetic purposes. Exemplary 
specific width and heiaht for such a club face are a width of 
between about 3.0-4.0" (7.6-10.2cm) as measured along a horizontal 2. 
central axis of the club face, and a height of between about 1.5- 
(3. 8-5. 1cm) as measured along a vertical central axis of the club 
face* However, those of ordinary skill in the art understand 
that to provide club faces with similar structural integrity and 
performance, the thicknesses and dimensions of the club faces 
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will differ from these exemplary values depending on the 
aerials used and Che physical properties of the same, and the 
particular size and shape ox the desired club face. 

The exemplary embodiment of the present invention provides a 
structurally .efficient" golf club face having increased strength 
and reduced weight for a given face size. The club face design 
of the present invention has a significantly lower face weight 

t^w fa ro which has a uniform thickness 
than a similarly strong club face which na 

Cwhich is described above, . thereby resulting in a club which has 
hotter payability (by allowing more freedom to distribute weight 
rrom Wfao. to . other . areas of the club head, . The club face _ 
design of" the present invention also has a more uniform face^ 
stiffness distribution than a club face which incorporates ribs 
on its face back surface, as described above. 

xn addition, the club face design of the present invention 
ls more structurally efficient than prior designs, thereby 
eliminating co^on structural failures and flaws associated with 
manufacturing such as. for example, casting, welding, and/or 
shrinkage. Further, the club face design of the present 
invention has increased structural resiliency for a give, £11 
impact whereby, a. a result of the design, the applied load is 
hetter tolerated «X, in the face hitting surface at the ball 

^rticularly in the area of any score-lines; (2, 
strike center, particularly i „„„.. 
on the back surface of the club face at the ball strike center 
, and «« at the face/top -all and face/bottom wall intersections 
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which, respectively, lie directly above and below the ball strike 
center. 

The club face design of th present invention further 
provides a more uniform face stiffness over a larger area thereby 
insuring that balls hit off -center will still experience a more 
uniformly stiff face surface and thereby react as if hit on- 
center (i.e. a larger sweet spot or sweet spot region or region 
providing optimal ball travel and trajectory) and will not 
detrimentally affect the club face structurally. 

The present design for a contoured face of the present 
invention was achieved by first. perfopning ^ detailed ■ '±s£te«* 

computational structural analysis of the proposed head geometry 
for a series of different simulated ball impacts which determined 
the following: (l) for a central hit, the internal loads are 
largest in the central region and in face/bottom wall and 
face/top wall interface regions, whereas the internal load in the 
toe and heel regions are near zero; (2) for miss hits (i.e. hits 
off of the central region) , internal loads are highest at the 
ball impact center and directly above and below the ball impact 
center at the face/top wall and face/bottom wall intersection 
regions; (3) effective face stiffness significantly decreases 
off-center due to the reduction in face width and presence of a 
stiff perimeter edge (i.e. there are drastic stiffness changes 
when hits are off of the central region) ; and (4) for almost all 
hits there were regions in which the internal load was low and, 
therefore, regions from which material (and weight) could be 
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th e face. The results of these * ^ ^ _^ ^ ^ 

both wood-type club *«.os "* " ^described ab cve. a club 
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- - the club face i -ith ^ "V ^ _ chat tha 
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Th e thicknesses so that th e internal load 

« " 9lOT "~ :trl below the — «*~~- ** 
experienced in this regxon 

material. „resent club face was also 

3) along a horrzon ^ ^ a certain 

intersection region of th ^ pre£erably st eps 
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Th ese thinnesses along - ^ ^ ^ in 

adju sted so that tolerab ie by 

bel ° o£ che present invention have been ehown 
Mh ile embodiments of \ ^ without 

■W! various modifications may B 
and described, vario 



30 



departing from the scope of the claimed invention, and all such 
modifications and equivalents are intended to be covered. For 
example, in our design the preferred stiffening regions are shown 
as corresponding to horizontal and vertical axes of the club 
face. However, in an equivalent design such stiffening regions 
could be based on a pattern other than one corresponding to such 
axes (e.g. a pattern wherein the stiffening regions are off -set 
from the horizontal and vertical axes or a pattern wherein the 
stiffening regions are not approximately perpendicular or a 
P at -tem wherein there are more than two or three main stiffening 
regions) . ...... 

In a further example- an equivalent method would be to 
design a contoured club face based upon a given external force 
even if the resulting contours are different than that described 
as preferred here. Such a given external force may be, for 
example, the result of different predicted or known or otherwise 
selected or experienced ball impact patterns or even a single 
ball impact . 
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a oU club face comprising the 
1; method of design* a golf 

steps of: . t r egion of the face vhxch 

has a first ™»9n" ude ° 

impact a. a 9^ Ration. r , gio „ h aving » second 

„ «-*UyW a, least one ^ ^ one b aU l*pa« 

a^nitude of internal load due ^ ^ tha n 

at aaid given-location wherein 

th e first —»*Bf»- ^ s „ ch a firs, region and «• 

c , assigning » first th>c*n ^ is a^alXer than th. 

.acond thieKnes. to the second J ^ wl ch the 

fir , t thinness, such that ^ dl8tri bucion as 

, assigned thicknesses has a .ore ^ ^ ^ . location 

™ a non-contoured face P 
compared to a now 

, ro said given location, 
similar to saw y 

A& by the method of claim X . 
2 . A golf club face made by t 

„ ft1f c iub face as in 
3 . ^ golf club head comprising a golf c 

ol£ dub head as in claim 3 
A golf club comprising a golf cl 



claim 2 . 
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5 - The method of claim 1 wherein the first magnitude of 
internal load and the second magnitude of internal load are due 
to a plurality of ball impacts over a plurality of given 
locations, and wherein said club face manufactured with the 
5 assigned thicknesses has a more uniform stress distribution upon 
ball impact at a location similar to at least one of said given 
locations. 

6. A method of designing a contoured golf club face 
10 comprising the step of assigning a thickness to each area of the 
^ ace according to a magnitude of internal load expected tc be 
experienced by each area when a force is exerted against a 
ball-hitting surface of the face at a given location wherein the 
assigned thickness is larger in those areas of the face which are 
15 expected to experience higher magnitude internal load when the 

force is exerted against the ball -hitting surface of the face and 
the assigned thickness is smaller in those areas of the face 
which are expected to experience lower magnitude internal load 
when the force is exerted against the ball -hitting surface. 
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7. A golf club face made by the method of claim 6. 

8. A golf club head comprising a golf club face as in 
claim 7 . 

9. A golf club comprising a golf club head as in claim 8. 
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10 The method of claim 6 wherein the magnitude of internal 
!oad expected tc be experienced by each area is the result of 
mo re than one force being exerted against the ball-hitting 
surface of the face, and wherein said more than on. force is 
exerted against the ball-hitting surface of the face at one or 
more given location. 

1X . A golf club face comprising 
a ball-hitting surface, and 

a b.=K surface which is opposite the ball hitting surface, 
wherein the back surface is contoured to give the face two or 
.ore thicknesses, wherein regions which experience a similar 
magnitude of internal load upon a force being placed on the 
oall-hitting surface have similar thicKnes.es. and where.n the 
oac* surfsce is stepped between regions of differing threes. 

12 . a golf club head comprising a golf club face as in 
claim 11 • 
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«, „«t f elub face comprising 
14 A method of designing a golf club ta 

aet ermining regions of a golf club face in which magnitudes 
of intemsl load are similar when subjected to at least one 
impact force at a given location. 
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decreasing the thickness of those regions which experience 
relatively lower magnitude internal loads and 

increasing the thickness of those regions which experience 
relatively higher magnitude internal loads such that regions 
which experience similar magnitudes of internal loads have 
similar thicknesses to result in a golf club face in which the 
stress is approximately uniform when the face is subjected to at 
least one ball impact force at a location similar to said given 
location, and wherein the thicknesses between regions are 
stepped. 
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15. A golf club face designed by the method of claim 14. 

16. The method of claim 14 wherein said magnitudes of 
internal load are due to a plurality of ball impacts over a 
plurality of given locations, and wherein the golf club face 
experiences approximately more uniform stress when subjected to 
at least one ball impact force at a location similar to at least 
one of said given locations. 

17. a method of designing a golf club face comprising 
determining magnitudes of internal loads experienced by various 
regions of the face when the face is subjected to at least one 
ball impact force at a first location and assigning similar 
thickness of material to areas which experience a similar 
magnitude of internal load such that those regions experiencing a 
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lw er .agnicude of internal 1- ~ — "~ I*"* 1 9 h 

experiencing . higher ° £ ^ ^JV, 

regions of differing tresses ere stepped CO result in a golf 
Z face in which - internal load is approximate^ unrfon-ly 

— * - - a bal1 T £ "s 

w v, 4« at least similar to said first 
a second location which is at leas 

location. 

18 . * 9 olf club face designed by the method of claim «. 

L „, The ...hod 17 wherein the magnitudes of 

Vloads are due' tc the face being subjected to e plurality 

locaci ons, and wherein 

the second location is at 
plurality of first: locations. 

20. a golf club face comprising 
a front surface, and 

a hac* surface which is opposite the front surface, .the 

„ ,„ oive the face at lease a first region 
— bein 3 contoured ^ having . seco „ a 

having a first thickness and a second 

thickness, _ ro a first area 

the first region substantially corresponding 

lilarly sired and shaped non-contoured golf club face 
o£ a sr-rlarly ^ ^ ^ „ „ le ,. t 

5 which experiences a first rang 
one ball impact at a location. 
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the second region substantially corresponding to a second 
area of the similarly sized and shaped non-contoured face which 
experiences a second range of stress levels due to said at least 
one ball impact at said location, 

the first thickness being thicker than the second thickness, 

and 

the first range of stress levels being greater than the 
second range of stress levels. 

21. The club face of claim 20 further comprising the first 
range ,o£, v stress-levels being mutually "exclusive of the second- 
range of stress levels. 

22. The golf club face of claim 20 wherein approximately 
all regions substantially corresponding to the areas of a 
similarly sized and shaped non-contoured face which upon ball 
impact at said location experience stress levels within the first 
range of stress levels have the first thickness. 

23. The golf club face of claim 22 wherein approximately 
all regions substantially corresponding to the areas of a 
similarly sized and shaped non-contoured face which upon ball 
impact at said location experience stress levels within the 
second range of stress levels have the second thickness. 
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M . The golf club face of claim 20 wherein the first range 

^ f erY .«ec; lev Is are due to 
of stress levels and the second range of stress lev 

, lira Htv of firsc locations, 
a plurality of ball impacts at a plurality of 

25 The golf club face of claim « "herein approximately 
.U region, substantially corresponding to the areas of a 
similarly sired an* shape* non-contoured face which upon ball 

, . u j q at least similar to one or 
impact at a second location whrch at 1 ^ 

said plurality of first locations expenence stress le 

stress levels have the first thickness, 
the first range of stress 

^ e go ;rTlubT.=e of claim « wherein approximately/" 
all regions substantially corresponding to the areas of a 
Similarly aired and shaped non-contoured face which upon ball 
impact at said second location experience stress levels wrthrn 
the second range of stress ievels have the second Chinese. 

27 . A golf club face comprising 
a front surface, and 

a contoured bacK surface opposite the front surf, ce, «rd 
contoured bach surface substantially correspond^ to a snarly 

r^^Z « ~ - expert 
stress levels within a particular range due to at least one ball 
. ZZ at a location and second areas which do not expert 
stress levels within said particular range. 
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wherein approximately all regions of the contoured back 
surface which substantially correspond to said first areas of the 
non-contoured face have about the same thickness. 

28. The golf club face of claim 27 wherein said stress 
levels are due to a plurality of ball impacts at a plurality of 
locations. 

29. A golf club face comprising 
a ball hitting surface, and 

a back surface opposite the ball hitting surface, wherein 
the back surface is contoured in a stepped fashion"/ V?: 

the back surface having at least a first region and a second 
region, the first region experiencing a magnitude of internal 
load within a first range due to at least one ball impact at a 
location on the ball hitting surface, the second region 
experiencing a magnitude of internal load within a second range 
due to said at least one ball impact, and 

the first range comprising larger magnitudes than the second 
range, and the first region being thicker than the second region. 

30. The golf club face of claim 29 wherein the magnitudes 
of internal load are due to a plurality of ball impacts at a 
plurality of locations on the ball hitting surface. 
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31. A golf club head comprising a golf club face as 
in claim 29. 

32. A golf club comprising a golf club head as in 
claim 31. 

33. A method of designing a golf club face according 
to any of claims 1, 6, 14 and 17 , and substantially as 
herein described yith reference to the accompanying 
drawings . 

34. Golf Club faces substantially as herein described 
with reference to and as shown in the accompanying 
drawings. 

35. An iron-type golf club head having a ball- 
striking face as claimed in any of claims 11, 20, 27, 29 
and 34. 

36 . A wood-type golf club head having a ball-striking 
face as claimed in any of claims 11, 20, 27, 29 and 34. 
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